In eight metribuzin-resistant photoautotrophic cell cultures o f Chenopodium rubrum (Thiem ann and Barz, 1994 a, b) sequence analyses o f a part of the psbA gene coding for the photosystem -II D1 protein had revealed different double and triple mutations within the herbicide binding niche o f the protein (Schw enger-Erger et al., 1993). Two pairs of the exam ined cell lines carried identical mutations within this part o f the protein, although their growth performance and their herbicide resistance patterns were different, both at the cellu lar and the thylakoid level. Starting from the known part o f the psbA gene we have amplified the remaining psbA sequences using inverse polym erase chain reaction. Thus the com plete sequence of the coding part of the gene was elucidated. A fter sequence analyses we found an additional amino acid exchange at the position 184 (ile -» asn) o f the D1 protein in cell line L I. M etabolic consequences of this mutation are discussed. Partial sequence analyses of the psbD gene of the herbicide resistant cell culture lines revealed no mutation within that part o f the D2 protein, which is in direct contact with the D1 protein.
Introduction
In previous studies eight metribuzin-resistant photoautotrophic cell cultures of Chenopodium rubrum were established via multiple step selec tion procedure and characterized for their photo synthetic and growth performance (Thiemann and  Barz 
This region is highly conserved and shows 72%
Abbreviations: Mbz, metribuzin (4-am ino-6-r-butyl-4,5-dihydro-3-m ethylthio-l,2,4-triazin-5-one); Q A , Q B , pri mary and secondary electron acceptor o f photosystem II; kD a, kilodalton; PS II, photosystem II. , because we assumed that the probability to obtain a satis factory yield of a circular template containing the remaining psbA gene sequences, generated via re striction of cpDNA and subsequent ligation, would be sufficiently high. Sequence analyses of the finally amplified cpDNA fragments indeed showed the presence of a new mutation site.
Material and Methods

Cell cultures
The photoautotrophic Chenopodium rubrum cell cultures were established as described by TTiiemann and Barz (Thiemann and Barz. 1994a). Cultivation and harvest of the cells were per formed as described earlier (Schwenger-Erger et a l, 1993). 
Identification and isolation o f the PCR fragm ent
The PC R reaction products were separated via horizontal agarose gel electrophoresis ( 1% agar ose in 0.5 x T B E buffer; running buffer: 0.5 x T B E buffer; electrophoretic conditions: 100 mV, 2 h; ethidiumbromide-stained). To prove whether the obtained PCR-products contain psbA gene se quences the agarose gels were blotted according to the protocol of Chomczynski (Chomczynski, 1992) and nitrocellulose filters were hybridized with a homologous psbA gene probe directed at the 3 '-terminus of the psbA gene.
Bands at 2,700 bp were eluted from the agarose gels using the jetsorb extraction kit (Genomed). In case of the Chenopodium rubrum cell line LI we found an additional mutation at the amino acid position 184 of the DI protein, where ile is re placed by asn (Table I) Since the amino acid 184 is located within the lumenal helix arranged parallel to the thylakoid membrane it is not in direct contact with the re gion of herbicide and Q B-binding (Trebst, 1987) . Parts of the lumen-exposed sequence connecting the helices III and IV of the DI protein are thought to be involved in forming the manganese cluster or stabilizing 0 2-production and especially asn 170 is thought to be directly involved in man ganese coordination (Nixon and Diner, 1992). At present a direct contribution of amino acid 184 to these phenomena cannot be decided. In view of our data future work should be devoted to this as pect.
Transformation
Sequence analyses of the psbD gene between bp 635 and 828, coding for the region between the helices D and E of the D2 protein, revealed iden tical sequences for the resistant and susceptible cultivars of Chenopodium rubrum (data not shown). Therefore, an influence of an altered D2 protein on the herbicide binding and thereby on In view of our data on the D l and D2 proteins we tend to consider the observed differences in
